10 Background. Post-traumatic stress disorder (PTSD) involves maladaptive long-term memory formation which underlies 11 involuntary intrusive thoughts about the trauma. Preventing the development of such maladaptive memory is a key aim 12 in preventing the development of PTSD. We examined whether the N-methyl D-aspartate receptor (NMDAR) antagonist 13 gas nitrous oxide (N 2 O) could reduce the frequency of intrusive memories by inhibiting NMDAR-dependent memory 14 consolidation in a laboratory analogue of psychological trauma.
traumatic glucocorticoid (Roozendaal, 2000 (Roozendaal, , 2002 and 48 noradrenaline (Brewin et al. 1996; Brewin, 2001a, b; 53 Hellawell & Brewin, 2004) . This content is subse- (Brewin, 2013), pro-58 ducing the 'here and now' reliving that characterizes 59 intrusions . (Schönenberg et al. 2005 (Schönenberg et al. , 2008 . However, a recent ran-127 domized control trial has shown efficacy of ketamine 128 in the treatment of chronic PTSD (Feder et al. 2014) . In the current study, we therefore sought to examine (Soni et al. 2013) . 172 
Subjective assessments
A cued recall task was used to assess explicit mem-213 ory of the trauma film. This consisted of ten questions 214 about occurrences in each film. Participants were 215 scored 2 for a correct answer, 1 for a partially correct 216 answer and 0 for an incorrect answer to each question.
217
Heart rate variability (HRV)
218
HRV reflects the interplay between sympathetic and 219 parasympathetic influences on the heart and indicates 220 the autonomic nervous system's response to threat 221 (Porges, 1997 Intrusion counts were modelled using Poisson gen-283 eralized linear mixed models (GLMMs) in SPSS and 284 the glmer function of the lme4 package (Baayen et al. 285 2008) . Satterthwaite approximations were used to de-286 termine the degrees of freedom and robust covariance 287 estimation to assess model effects. Model specification 288 was based upon a priori hypotheses, with Group, 289 Day, Gender, post-film CADSS and Group×Day and 290 Group×CADSS terms entered as fixed effects of 291 interest. These were selected because (1) the time-292 course of intrusions was of primary interest to the 293 study, (2) gender and dissociation predict PTSD-like 294 symptomatology following traumatic events and (3) 295 dissociation was hypothesized to interact with 296 Group, due to the highly dissociative nature of N 2 O. 297 A random intercept per participant was specified to ac-298 count for dependencies caused by repeated measure-299 ments on the same participants. For exploratory 300 analyses on heart rate and sleep data, generalized lin-301 ear models were used to model total intrusion counts, 302 since no hypotheses were made concerning the effects 303 of these variables on intrusions over time. Poisson 304 models were fit using maximum likelihood estimation, 305 with a log link function. Model fit was assessed by 306 minimizing the finite-corrected Akaike's Information 307 Criterion (AICc). In these models, k > 2 main effects 308 and interactions were assessed with sequential 309 Bonferroni-adjusted contrasts. Outlier removal was 310 based upon model-based residuals and influence diag-311 nostics, as recommended by Baayen et al. (2008) and 312 Bates (2010) . These tests, alongside tests for overdisper-313 sion and fulfilment of regression assumptions, were 314 conducted using custom scripts written in R. One ex-315 treme outlier was found and removed using these 316 tests (a female in the N 2 O group) and excluded from 317 all analyses. the first few days after the video (Soni et al. 2013) 357 and declined over the course of the week (James et al. and Gender (women > men; F 1,30 = 16.131, p < 0.001) and 367 critically a Group×Day (F 6,315 = 2.382, p = 0.029) and a 368 Group×Dissociation (F 1,13 = 5.602, p = 0.034) interaction 369 were found. A Wald test on the variance of the inter-370 cept was highly significant (variance = 0.371, Z = 371 3.095, p = 0.002).
372
The Day effect represented a significant reduction in 373 intrusions from day 1 to day 2 (β = −0.775, 95% CI 374 −1.289 to −0.262, t 315 = 2.971, p = 0.003) and all subse-375 quent days (all β's < −0.112, t's > 2.83, p < 0.005).
376
The Group*Day interaction reflected that this reduc-377 tion in intrusions between day 1 and day 2 (β = −1.33, 378 t 315 = −2.767, p = 0.007, 95% CI −2.32 to −0.341), day 1 379 and day 3 (β = −1.655, 95% CI −2.93 to −0.38, t 315 = 380 −2.924, p = 0.007) and all subsequent days (all β's 381 < −1.89, t's > 4.35, p's < 0.0005) was significant only in 382 the N 2 O group. In the Air group, there was no signifi- 383 418 and 5 min after cessation of inhalation (F 1,48 = 17.756, 419 p < 0.001, η p 2 = 0.27). These data are shown in Fig. 3 . 420 There was no effect of Group ( This difference was most pronounced between day 1 476 (the day of the trauma film) and day 2 (the day after; 477 see Fig. 1 ). These findings are consistent with a 'tag 478 and capture' model of LTP, resulting in a sleep-479 dependent consolidation-impairing effect of N 2 O via 480 antagonism of NMDARs. In the current study, it is un-481 likely that N 2 O-induced NMDAR antagonism had any 482 direct effect on late-phase LTP, due to the rapid offset 483 of central activity upon cessation of inhalation, but 484 may have affected late-phase consolidation via inhib-485 ition of downstream plasticity-related protein synthesis 486 during early LTP (i.e. reducing the level of 'tagging' of 487 trauma-film related representations).
488
Whether this mechanism underlies the current 489 effects are unclear, as N 2 O is not purely selective for 490 the NMDAR and it is possible that its GABA A or opi-491 oid activity may have contributed to, or even be re-492 sponsible for, the observed effects (McGaugh, 2004 In the absence of absolute group differences in num-564 bers of intrusions, if the current findings are replicated 565 in a clinical sample, speeding the reduction of intru-566 sion frequency could still be clinically important, as 567 shortening disease course may prevent the develop-568 ment of secondary comorbid psychiatric disorders 569 such as depression and suicide, which are rife among 570 people with a diagnosis of PTSD (O'Donnell et al. 571 2004) .
572
In the current study, N 2 O also produced pro-573 nounced dissociation and higher levels of post-film 574 dissociation, prior to drug predicted more subsequent 575 intrusions in the N 2 O group. This is problematic for 576 a post-trauma intervention, as dissociation has been 577 associated with the development of chronic PTSD 578 (Murray et al. 2002; Halligan et al. 2003) . The exact 579 mechanism by which dissociation may lead to 580 increased intrusions is unclear, but it may reduce the 581 availability of attentional and cognitive resources for 582 encoding and consolidation of temporal and context-583 ual information (Van der Kolk & Fisler, 1995; 584 Verwoerd et al. 2008 ) surrounding traumatic events. 585 The dissociative profile of N 2 O might therefore attenu-586 ate the beneficial effects of weakening the consolida-587 tion of trauma memory, or in extreme cases of 588 dissociation, may even produce worsening of symp-589 toms. Caution is therefore required in translating the 590 current findings to the clinic, as there is scope for ag-591 gravation of PTSD-like symptomatology.
592
The applicability of the current findings to indivi-593 duals following real-life trauma remains to be estab-594 lished, as the current study produced only a mild 595 trauma analogue in a healthy sample. Given the cur-596 rent results, further research with N 2 O is required to 597 replicate these effects in a clinical sample and establish 598 the potential benefits and dangers of its use following 599 traumatic events. As N 2 O is an effective and portable 600 analgesic, it is already very widely used by emergency 601 services for pre-hospital pain management (Fisher et al. 602 2006) . Given the current results, it is possible that this 603 practise has unintended (beneficial or deleterious) 604 
